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Description 

[0001] The Invention relates to a ball grid army pack- 
age according to the preamble of claim 1 and to a meth- 
od of reducing ground bounce according to the pream- 
ble of claim 13. 

[0002] This invention thus relates to packaging inte- 
grated circuits, and more particularly to Improving ther- 
mal and electrical characteristics In ball grid array pack- 
aging for high speed integrated circuits. 
[Q003] Integrated circuits flCs") are fabricated on a 
semiconductor substrate that is mounted within a typi- 
cally epoxy or ceramic overmold for later mounting on 
a printed circuit board ("PCS"). Aa fabrication tech- 
niques improve, ICs tend to Include circuits with in- 
creased complexity and increased number of input and 
output leads ("pinouts"). Further, as more transistors are 
fabricated on an I C die of a given size, dissipating heat 
from the IC becomes a greater challenge. 
[0004] One packaging system for providing an IC with 
a large number of pinouts in a relatively smaD package 
area is known as the ban grid array ("BGA") package. 
Figure 1 depicts a standard two-layer BGA mounting 
system, similar to the so-called OMNI™ system promot- 
ed by Motorola, Inc. In this system, a BGA package 2 
Includes a double-sided copper clad printed circuit 
board ("PCB") 4 with conductive and/or thermal vlas 6A, 
6B, 6C connecting upper BGA package conductive trac- 
es 8A, 8B, 8C to lower BGA package conductive traces 
10A, 10B, 10C. The 8A traces and the 8B traces may 
each be donut-shaped, as may the corresponding 10A 
and 1 0B traces. The various vlas preferably are Identical 
and may be referred to Interchangeably as conductive 
or thermal vlas. 

[0005] The BGA package further includes the I C die 
12 to be packaged, and a plurality of meltable solder 
balls 14A, 14B, 14C In contact with the lower conductive 
traces 1QA, 10B, 1QC. The upper and tower BGA pack- 
age traces 8A, 8B, 8C, 10A, 10B, 100 are typically 
formed by etching the copper clad upper and lower sur- 
faces of BGA POB 4. An overmold, shown in phantom 
as 16, encapsulates and thus protects the IC die 12. 
Overmold 16 could, of course, be sized to extend over 
a greater or lesser portion of the upper surface of BGA 
package 2 than what Is depicted In Figure 1. 
[0006] Package 2 will eventually be soldered to a sys- 
tem printed circuit board fPCB") 1 8, whose upper sur- 
face Includes conductive traces 20A, 20B, 20C that will 
contact various of the solder balls 14A, 14B, 14CThus, 
while Figure 1 shows BGA package 2 and system PCB 
18 spaced apart vertically, In practice the solder balls 
and the system PCB traces are placed in contact with 
one another, whereupon an infrared reflow process 
melts the solder balls. Upon melting, the solder balls 
electrically and mechanically Join various of the BGA 
package traces 1 0A, 10B, 10C to various of the system 
PCB traces 20A.20B, 200. The various solder balls may 
be arrayed In a relatively dense matrtc, with adjacent 



balls being spaced-apart horizontally 0.050" to 0.060 s 
(1.3 mm to 1.5 mm). As a result, BGA package 2 can 
advantageously provide a dense pattern of pinout con- 
nections with IC 12. 

* [0007] Those skHIed in the art win appreciate that IC 
1 2 may Include various semiconductor devices such as 
bipolar or metal- oxide-semiconductor fMOS") transis- 
tors, as well as effective resistor and capacitor compo- 
nents. These transistors and components will form one 

w or more circuits that are typically coupled to an upper 
power source Vdd, and to a lower power source Vss 
(usually ground). 

[0008] Bonding wires such as 22, 24 make electrical 
connection from pads formed on IC 12 (not shown) to a 

13 BGA package trace or plane formed by etching the cop- 
per clad on the upper surface of BGA structure 2. Bond 
wire 22, for example, connects to a BGA package Vdd 
upper plane trace 8A that connects to a conductive via 
6A, which connects to a BGA package Vdd lower plane 

20 trace 1 0A that connects to a solder ball 14A On the un- 
derlying system PCB 18, one or more system PCB trac- 
es 20A couple to the Vdd power source that Is connect- 
ed to the system PCB 1 8. In similar fashion, one or more 
bond wires (not shown) will couple IC 12 to Vss on the 

20 system PCB 18. 

[0009] Similarly, bonding wire 24 Is shown coupled to 
an upper signal BGA package trace 8B that is connected 
to vlas 6B, to BGA package lower signal trace 10B, and 
signal solder balls 14B. On system POB 18, system PCB 

3d traces 20B couple electrical signals to or from IC 12. 
Other bonding wires will also be present but are not 
shown for ease of illustration. Of course, IC 12 will gen- 
erally be coupled by various bond wires, upper BGA 
package traces, vlas, lower BGA package traces to var- 

30 lous different signal solder balls, for contact with various 
system PCB 18 signal traces. 
[0010] As shown in Figure 1 , the lower substrate sur- 
face of IC 12 is connected to a BGA package IC die Vss 
plane 8C, that connects through several vlas 6C to a 
BGA package lower surface Vss plane 10C to which sol- 
der bails 14C are attached. As noted, Vss connections 
to IC 12 generally are also brought out through Vss IC 
pads, bond wires, traces, vlas, traces and solder balls 
In a manner similar to what is described herein with re- 

40 sped to the connections for Vdd. The underlying system 
PCB 18 Includes a system PCB Vss ground plane 200 
that electrically connects to such Vss solder baOs, In- 
cluding solder bails 14C 

[0011] BGA package 2 is relatively economical to 
00 manufacture because PCB 4 may be a symmetrical and 
relatively Inexpensive generic commodity. By symmet- 
rical, it is meant that PCB 4 Is manufactured with copper 
clad on the upper and lower surfaces of a typically epoxy 
glass core 22, commonly referred to as FR4 material. 
00 (It is from this copper clad that the upper and lower BGA 
package traces or planes 8A, 8B, 8C, 1QA, 10B, 10C 
are formed.) Alternatively, core 22 may be fabricated 
from an adhesive-flke resin commonly termed pre-preg. 
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[0012] I* te important that PCB 4 be sufficiently rigid 
so that the various solder balls wli register property for 
soldering to corresponding system PCB traces. As a re- 
sult the vertical thickness of core 22 in Figure 1 wfli typ- 
ically be at least 0.02" to 0.03" (0.5 mm to 0.8 mm). 
[001 Zl Although the BOA configuration of Figure 1 
has the advantage of being inexpensive to fabricate, it 
has several shortcomings. Specifically; BOA 4 does not 
provide a good signal plane for current surges Into or 
out of IC 12, and does not do a good Job of dissipating 
heat generated by IC 12. The relatively poor electrical 
and thermal performance associated with BGA struc- 
ture 4 is especially apparent when IC 12 Includes high 
density, high frequency digital circuitry. Essentially 
these performance shortcomings arise because the ef- 
ficient system Vss and Vdd planes on PCB 18 are too 
far away from IC 1 2 to be truly effective. 
[0014] Thermally, although the system PCB Vss 
plane 20C can sink heat dissipated by IC 12 and down- 
conducted through Was 6C, the system PCB Vss plane 
is Just too remote for good dissipation. The prior art con- 
figuration of Figure 1 has a thermal resistance 8^ of 
about 35°C/W, which means that for an Increase of one 
watt dissipation, the Junction temperature of the IC die 
12 wifl increase 35°C. As a result, IC 12 may overheat, 
or require bulky and relatively expensive heat sinking. 
Alternatively, IC 12 may have to be operated at a lower 
equivalent duty cycle to reduce dissipation, thus sacri- 
ficing IC 12 performance because of the poor thermal 
characteristics associated with prior art two-layer BGA 
packages. 

[001 5] Electrically, the current paths from the system 
PCB Vdd plane 20A, up Into IC 12, through the system 
Vss plane 20C, and vice versa, are simply too long. As 
will be described, these long path lengths can result in 
the Vdd and Vss potentials within IC 12 impermissibly 
varying in magnitude during current surges. What oc- 
curs is that an effective Inductance L exists In series with 
the relatively long power supply current paths. Large 
mutual inductances may be present that force some 
transient surge ground current to return undesirably 
through IC 12, rather than through the system PCB 
planes. This IC 12 transient surge current flow can 
cause ground bounce and crosstalk between various 
circuits within IC 12. In addition, the effective inductance 
L can contribute to an undesirable time delay for signals 
propagating through IC 12. 

[0016] More specifically, an excessively long path be- 
tween a signal node on the IC chip and a signal return 
ground plane Increases the effective series inductance 
(L) therebetween. In the presence of current spikes 
through such path, the voltage at the Vss pad(s) and/or 
Vdd pad(s) within IC 12 can deviate or "bounce" from 
their nominal DC voltage. 

[0017] Consider, for example, the effect of a relatively 
long current return path for a high speed CMOS digital 
circuit fabricated within IC 12. The output of circuit typ- 
ically wis Include a PMOS pull-up and an NMOS pull- 



down transistor coupled in series between Vdd and Vss. 
When outputting a digital "1", the NMOS transistor Is off, 
and the PMOS transistor is on, and the circuit sources 
current from Vdd through the PMOS transistor to an out- 

b put toad coupled to Vss. When outputting a digital Tjr, 
the PMOS transistor is off, the NMOS transistor is on 
end sinks current from the output load. 
[0018] But when this CMOS circuit changes states 
from "1" to V or vioe versa, for a brief Interval the PMOS 

*0 and NMOS transistors may both be simultaneously on 
due to Imperfect switching. When both transistors are 
on during transitions a rapid change (or "spike") in cur- 
rent (dl/dt) through the circuit can occur. In the presence 
of series Inductance L, current spiking results in an L di/ 

is dt = dV/dt change or "bounce 0 in the voltage present at 
the Vdd and/or Vss pads on IC 12. Ground bounce re- 
sults from this dV/dt for Vdd and/or Vss within IC 12. 
[0019] Such voltage bouncing within IC 12 Is espe- 
cially troublesome at "0" to "1" transitions because 

20 CMOS transistors exhibit less noise immunity margin for 
error near a 0" voltage states as contrasted to "1" voltage 
states. For this reason, It is especially important that a 
low inductance impedance Vss path within IC 12 be 
maintained. 

25 [0020] In addition to producing overshoot and under- 
shoot on output voltage waveforms, ground bounce can 
degrade digital switching reliability. This degradation oc- 
curs because any variations in Vdd or Vss within IC 12 
can alter CMOS trip points. 

so [0021] Generally, the configuration of Figure 1 will ex- 
hibit an output impedance between a signal output pad 
on IC 12 and Vss of about 260 Q. A 250 Q output im- 
pedance Is undesirably high for matching to a system 
PCB that typically Is characterized by an Impedance in 

35 the 50 Q to 76 O range. The resultant impedance mis- 
match contributes to overshoot and ringing on signals 
coupled from the BGA package to the system PCB. The 
configuration of Figure 1 also exhibits a n effective series 
Inductance of 12 nh to 15 nh, and an equivalent output 
shunt capacitance at a signal output pad of about 1 2 pF. 
[0022] As noted, the series inductance can produce 
overshoot and ringing in IC 12 signals, especially when 
a relatively light capacitive load is to be driven. Further, 
the series Inductance and shunt capacitance associated 

<ff with the two-layer BGA package of Figure 1 can unde- 
sirably delay a signal passing through IC 12 by several 
nanoseconds, if IC 1 2 Includes high speed switching de- 
vices (e.g., wherein the operating frequency is greater 
than 30 MHz), a BGA package-imposed time delay of a 

so few nanoseconds may be unacceptable. 

[0023] In summary, there Is a need for a BGA package 
having Improved thermal end electrical characteristics, 
especially for high speed digital ICs. To reduce ground 
bounce and enhance IC operating reliability, such BGA 

65 package should preferably exhibit approximately 50X2 
output knpelance and decreased effective series Induct- 
ance. Further, it should preferably be possible to man- 
ufacture such a BGA package using generic symmetri- 
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cal PCB materials. This V to ■ 1" ground bounce Improvement Is in addition 
[0024] Known from US-A-4 739446 is a ball grid array to the "1" to "0" current sinking improvement afforded 
package for an Integrated circuit comprising upper and by the BGA Vss plane, which also improves heat sink- 
lower layer package traces, a plurality of vertically ar- lug. 

ranged layers comprising a signal line layer, a ground * [0031] Because it provides an even number of planes, 

layer, a power conductor layer and separating layers in the four-layer embodiment Is preferred for ease of fab- 

between, and a plurality of vies each extending between ri cation. This embodiment may be manufactured using 

and soldered to opposing surfaces of adjacent layers. two pieces of symmetrical double clad PCB material, 

[0025] The Invention is defined in claims 1 and 13. wherein the clad on each piece of material provides two 

[0020] In a first three-layer embodiment, the present to planes. As such, this embodiment provides technical 

invention provides a BGA package with a BGA Vss advantages in ease and economy of fabrication over a 

plane disposed between the upper and lower BGA pack- three layer embodiment 

age traces. Further, this embodiment also provides up- [0032] Furtrter.whencomparedtoapriorarttwo-layer 

per and lower BGA package Vss traces on the outer pe- BGA package, a four-layer embodiment according to 

riphery of the BGA package, to help maintain a low Im- iff the present invention reduces series inductance by 

pedance between an IC packaged with the three-layer about 50%, reduces the effective output Impedance 

embodiment, and the BGA Vss plane. This embodiment from about 250 Q to about 50 Q, and increases shunt 

is three-layered In that there are traces at the upper sur- capacitance to about 1.3 pF.VVhen compared to a prior 

face of the BGA package, there is an inter-mediate BGA art two-layer BGA package, the four-layer embodiment 

Vss plane, and there are traces at the lower surface of 20 reduces time delay through the packaged IC by about 

the BGA package. 2 ns, and improves thermal dissipation by about 50%. 

[0027] The additional BGA Vss plane preferably is a [0033] Other features and advantages of the Inven- 

copper clad surface on a portion of PCB material from tlon will appear from the following description in which 

which the BGA package is fabricated. IC-genereted the preferred embodiments have been set forth in detail, 

heat is coupled from the BGA package IC tfe Vss trace 20 in conjunction with the accompanying drawings, 
through vlas to the BGA Vss plane, through the lower 

portion of the same vlas to the BGA package Vss trace FIGURE 1 fa a sectional view of a conventional two- 
en the lower surface of BGA package, as well as to a layer ball grid array configuration for packaging an 
Vss plane on the underlying system PCB. The BGA Vss integrated circuit, according to the prior art; 
plane is closer to the IC than is the underlying system 30 

PCB, and thus performs an IC heat sinking function by FIGURE 2 is a sectional view of a three-layer bail 
lowering thermal resistance 9^. grid array configuration for packaging an integrated 
[0028] The BGA Vss plane also provides a closer Vss circuit, according to the present invention; 
plane for sinking current output by the IC than is provid- 
ed by the underlying PCB Vss plane. The presence of 35 FIGURE 3 is a sectional view of a four-layer bail grid 
this closer Vss plane reduces series inductance to the array configuration for packaging an Integrated rir- 
IC, reduces ground bounce, at least for IC output signals cult, according to the present invention; 
transitioning from "1° to "0", and reduces time delay 

through the (C. White the closer Vss plane reduces se- FIGURE 4 Is a computer simulation comparing volt- 
ries Inductance, closer Vss plane proximity to the IC *o age waveforms for the four-layer embodiment of 
8flghtty Increases shunt capacitance as seen by a BGA Figure 3 and the two-layer embodiment for Figure 
package upper surface trace to Vss. However, the slight 1 , for a CMOS buffer integrated circuit. 
Increase in shunt capacitance appears beneficial In re- 
ducing noise seen by the IC. [0034] In a first three-layer embodiment shown In Flg- 
[0029] A more preferred embodiment of the present ure 2, the present Invention provides a BGA package 
invention provides a four-layer BGA package that Is sln> 50 with a BGA Vss plane 60 disposed between the up- 
II ar to the above-described three-J ayer embodiment, ex- per and lower BGA package traces 8A, 8B, 8C, 6C, and 
cept that a BGA Vdd plane is also provided Intermediate 1 0A, 10B, 10C, 1QC\ Among these BGA package trao- 
theBGAVsa plana and the traces on the lower surface es, the present invention adds upper and lower BGA 
of the BGA package. This embodiment is preferred be- « package Vss traces 8C\ 10C on the outer periphery of 
cause It may be fabricated from two pi eces of symmet- the BGA package. This embodiment is three-Jayered In 
rical printed circuit board material, and because It reduo- that there are traces 8A, 8B, 8C, 8C at the upper surface 
es ground bounce for "0" to "1", as well as for "1" to "0" of the BGA package, there Is an intermediate BGA Vss 
IC output sJpial transitions. plane 60, and there are traces 1QA, 1GB, 10C, 1 0C at 
[0030] The BGA Vdd plane provides a plane that is & the lower surface of the BGA package, 
relatively closer to the I C than Is the underlying PCB Vdd [0035] The embodiment of Figure 2 improves thermal 
plane, and reduces series inductance when the IC dissipation performance end partially improves eiectrl- 
sourcea current, as In a "0" to T output signal transition. cal performance In a BGA package when compared to 
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the two-layer embodiment of Figure 1. These Improve- 
ments result by providing e BGA Vss plane 60 relatively 
dose to IC die 1 2, and by optionally providing outer Vss 
planes BC\ 1GC (and associated vias6C and outer sol- 
der bails 1 4C). Outer planes or traces 8C\ 1 0C may be 
donut-shaped, 8nd are coupled together by the BGA 
Vss plane 60, to which planes or traces 8C, 1 0C are also 
coupled. This coupOng Is affected by the vtas 6C, 6C 
which pass tightly through vta-stzed openings In plane 
60 such that electrical (and thermal) contact results. By 
contrast, afl other vies (e.g., 6A, 6B) pass through over- 
sized openings in plane 60 that are sufficiently large as 
to not make electrical (or thermal) contact with the Vss 
plane 60. 

[0036] As was the case in Figure 1, an IC die 12 
mounted within the BGA package has its substrate cou- 
pled to a BGA package ICole Vss trace or plane 6C on 
the upper surface of the BGA package. A plurality of vi as 
6C, 6C electrically and thermally couple the BGA Vss 
plane 60 to the BGA package IC die Vss trace 8C, and 
to the outer periphery traces 8C, 10C on the upper end 
lower BGA package surfaces. Vss solder balls couple 
the various Vss traces on the lower BGA package sur- 
face to corresponding Vss planes on an underlying sys- 
tem PCS. As in the prior art, Vdd solder balls couple the 
various Vdd and signal traces on the lower BGA pack- 
age surface to corresponding traces and planes on the 
underlying system PCB. Vdd vtas 6A and signal vtas 6B 
also couple respective Vdd and signal traces 8A, 14A 
and 8B.14B. 

[0037] It Is understood that the BGA Vss plane 60 
makes electrical contact with the Vss vias 6C, 6C, but 
not with the Vdd vtas 6A or the signal viae 6B. Electrical 
connection with vias 6A, 6B is avoided by defining 
through openings in the BGA Vss plana 60 sufficiently 
large to permit vias 8A, 6B to pass through without con- 
tact between the outer wan of the via and the inner sur- 
face of the opening In plane 60. By contrast, the Vss 
vias 6C, 6C pass through openings defined in plane 60 
that will result in electrical contact. 
[0030] The additional BGA Vss plane preferably Is a 
copper clad surface on a portion of PCB material from 
which the BGA package is fabricated. In Figure 2, BGA 
Vsa plane may be either the lower copper clad on a 
piece of symmetrical printed circuit board material 62 
whose core ia shown as 66, or the upper copper clad on 
a piece of symmetrical printed circuit board material 54 
whose core is shown as 56. TVptcafly, core 56 and core 
58 wfll typically have a combined thickness of at least 
0.02" to 0.03" (0.5 mm to 0.6 mm) to provide rigidity for 
BGA package 50. In practice, core 56 may be relatively 
thin (e.g., 0.005" or 0.13 mm) material to place BGA Vss 
plane 50 closer to IC 12. If desired, the thickness of core 
58 may be increased to compensate for a thinner core 
56, to maintain overall rigidity for BGA package 60. 
[0039] Thermally, heat from IC 1 2 is coupled from the 
BGA package IC die Vss trece 12 through vial 6C to the 
BGA Vss plane 60, through the lower portion of the 



same vias to the BGA package Vss trace 14C on the 
lower surface of BGA package 50. From trace 14C, con- 
duction to the Vss plane 20 C on the system PCB 1 8 oc- 
curs (after soldering of BGA package 50 to the system 
* PCB 18). The BGA Vss pl8ne 60 may be relatively closer 
to the IC than Is the underlying system PCB 18, and wfll 
thus sink heat and allow I C 12 to operate at a lower pack- 
age temperature. A three-layer BGA package as depict- 
ed In Figure 2 wll exhibit a 9, a of about 20°C/W. 
[0040] Electrically, the BGA Vss plane 60 provides a 
closer and lower impedance Vss plane for sinking cur- 
rent output by IC 12 than is provided by the underlying 
PCB Vss plane 20C. The closer proximity of this Vss 
plane to IC 12 actually Increases slightly the shunt ca- 
pacitance by perhaps 0.1 pF. In practice, this slight ca- 
pacitance Increase can help IC 12 performance by em- 
ulating a small decoupling capacitor that is moved closer 
to the IC. Although on IC signal output pads further shunt 
capacitance is undesired, the relative increase is small, 
e.g., from about 1.2 pF to about 1.3 pF. 
[0041] As shown in Figure 2, the upper surface of 
BGA package GO provides both a. central BGA package 
IC die Vss trace 8C, and peripheral BGA package traces 
8C\ As noted, these traces 8C, 8C ere coupled through 
vias 6C, 6C 1 to the BGA Vss plane 60 to corresponding 
traces 10C, 10C on the lower surface of the BGA pack- 
age, and thence through solder balls 14C, 14C to cor- 
responding traces 20C, 20C on the system PCB 18. 
[0042] So coupled, BGA Vss plane 60 advantageous- 
ly reduces series inductance to IC 12, thus reducing 
ground bounce, at least for IC output signals transition- 
ing from "1" to "0". The outer periphery BGA package 
traces 8C, 10C and their associated vias and solder 
balls help maintain a low impedance between IC 12 and 
the BGA Vss plane 60, and thus help ensure that return 
current is present in the BGA Vss plane. If the outer BGA 
package Vss traces 8C, 14C and associated vias and 
solder balls were eliminated, the ground bounce im- 
provement otherwise available from BGA package 50 
would suffer degradation, perhaps in the 40% range. 
[0043] During a "1" to "0" IC output signal transition, 
a low impedance ground current return path is present 
in BGA Vss plane 60, since the effective series induct- 
ance L is minimized. As a result, IC 12 is not forced to 
provide a substantial current return path, and anydV- 
Ldi/dt voltage changes at the Vsa pad within IC 12 are 
relatively minimal during "1" to "0° output voltage tran- 
sitions. In this fashion, the Vss pad within IC 12 can 
maintain a relatively stable potential with minimum volt- 
age bounce, at least during DC and TtoTJr output volt- 
age conditions, with attendant current sinking. 
[0044] Although the embodiment of Figure 2 provides 
improved thermal and electrical performance when 
compared to the prior art configuration of Figure 1, a 
three-layered embodiment is difficult to fabricate eco- 
nomically. As noted. BGA Vss plane may be either the 
lower surface of a PCB 52, or the upper surface of a 
PCB 54. As such, one of PCB 52 and 54 must be single 
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sided, which is to say a nonsymmetrical PCB. Combin- 
ing a generic doubS^sidad PCBwfth a single-elded PCB 
using, for example, pre-preg material Is expensive, time 
consuming, and simply not a preferred mode of con- 
struction. Similarly, coating a copper clad surface on a * 
symmetrical PCB (e.g., 52) with a pre-preg material (e. 
g. 58) that te then clad with copper (e.g., layer 10) is 
likewise not a preferred mode of construction. Further, 
the three-layered embodiment of Figure 2 minimizes 
ground bounce during IC current sourclng transitions w 
only, and does not improve ground bounce for IC current 
sinking transitions. 

[0045] Figure 3 depicts a more preferred embodiment 
of the present Invention, wherein a four-layer BOA pack- 
age 1 00 is provided. This embodiment Is somewhat sim- ta 
liar to the above-described three-layer embodiment, ex- 
cept that a BGA Vdd plane 260 Is also provided inter- 
mediate a BGA Vss plane 200 and the traces on the 
lower surface of the BGA package. This embodiment is 
preferred because it reduces ground bounce for "0* to 20 
"1" and for m V to IC output transitions. Further, this 
embodiment exhibits improved heat dissipation and ad- 
vantageously may be fabricated from two pieces of sym- 
metrical printed circuit board material. 
[0046] Thermally, the four-layer embodiment of Fig- 2* 
ure 3 has a 0^ of about 15°CW, which compares very 
favorably to the 35°C/W rating of a prior art two layer 
embodiment For a given dissipation, IC 12 packaged 
in the fbuNayer embodiment of Figure 3 can safely dis- 
sipate about twice as much heat as can the same IC in 30 
a prior art two-layer BGA package. Thus, whfle the two- 
layer packaged IC would require the additional expense 
and volume associated with heat sinking, heat sinking 
may be avoided by using the four-layer package de- 
scribed herein. 35 
[0047] More specifically, as shown in Figure 3, a four- 
layer BGA package 100 provides a BGA Vss plane 200 
and a BGA Vdd plane 260 disposed intermediate upper 
and lower BGA package conductive traces 8A, 8B, 8C, 
6C, and 1 0A, 10B, 10C and 1 0C\ As in the embodiment <o 
of Figure 2, at least a portion of these upper and lower 
BGA package traces or places are in vertical registration 
to permit coupling therebetween using one or more vies. 
[0048] Because it is generally more important to re- 
duce bounce at an IC Vss pad than at the IC Vdd pad <ff 
due to decreased TT level noise margins, the BGA Vss 
plane 200 preferably Is placed closer to IC 12 than Is the 
BGA Vdd plane 260. Similar to what was described with 
respect to Figure 2, the addition of the BGA Vss plane 
decreases series Inductance substantially, but Increas- so 
es slightly the shunt capacitance as seen by a signal 
pad on the IC. However, the approximately 0.1 pF In- 
crease (e-g., from 1.2 pF without the BGA Vss plane to 
about 1.3 pF) appears beneficial in decoupling the IC 
signal lines from noise. 59 
[0040] In Figure 3, the Vss vias 6C, 6C make electri- 
cal and thermal connection with the BGA Vss plane 200, 
but not with the underlying BGA Vdd plane 260. Simi- 



larly, the Vdd vlas 6A are electrically Insulated from the 
BGA Vss plane 200, but make electrical contact with the 
BGA Vdd plane 260. The various signal vlas 6B are elec- 
trically Insulated from both planes 200, 260. Such Insu- 
lation can result from defining a relatively large opening 
in plane 200 and/or 260 through which a via passes that 
Is not to make electrical contact with the plane. 
[0050] As In the three-layer embodiment, vlas 6A, 6B, 
6C, 6C connect corresponding upper and lower BGA 
package traces 8A, 8B, 6C, 8C and 10A, 10B, 10C, 
10C, with vlas 6C thermally conducting heat from the 
die Vss plane 8C to the BGA Vss plane 200, and thence 
downward. As described with respect to Figure 2, solder 
balls 14A, 148, 14C, 14C provide electrical contact with 
corresponding tram 20A, 20B, 20C, 20C on an under- 
lying system PCB 18. 

[0051] While vlas 6C may also thermally conduct heat 
to the BGA Vdd plane 260 and the underlying system 
PCB ground plane or trace 20C, the Vdd plane 260 
serves a relatively minor role in heat dissipation. More 
importantly, BGA Vdd plane 260 advantageously pro- 
vides a Vdd plane that la relatively closer to IC 12 than 
is the underlying PCB Vdd plane or trace 20A As a re- 
sult, series inductance to IC 1 2 is reduced when the IC 
sources current, as in a "0" to "1 ' output signal transition. 
Further, as noted, the BGA Vss plane 200 reduces se- 
ries Inductance when IC 12 sinks current as In a "1" to 
"0" output signal transition. 

[0052] The four-layer embodiment is preferred for 
ease of fabrication in that it can be manufactured using 
two pieces of symmetrical double clad PCB material 
270, 280 with a core 290 therebetween. As such, PCB 
270 has a core 272 sandwiched between copper clad 
layers defining the BGA package upper traces OA, 8B, 
8C, 8C and the BGA Vss plane 200. PCB 280 has a 
core 282 sandwiched between copper clad layers defin- 
ing trie BGAVdd planed and the BGA package lower 
traces 10A, 10B, 10C, 10C. Cores 272 and 282 may 
advantageously be conventional 0.005* (0.13 mm) FR4 
epoxy glass material, Joined together by a pre-preg core 
290 whose thickness is whatever is desired to provide 
necessary rigidity for the BGA package 100, e.g., 0.020" 
to 0.060° (0.5 mm to 1.5 mm). 
[0053] Compared to a prior art two-layer BGA pack- 
age, the four-layer embodiment of Figure 3 can reduce 
series inductance to about 6 nh to about 9 nh, and can 
reduce the effective IC output impedance to about 50 
Q. A 50 Q output Impedance advantageously permits 
high frequency signals from IC 12 to match GO Q trans- 
mission lines formed on the system PCB 18. 
[0054] Figure 4 depicts a computer simulation show- 
ing the response of an IC buffer encapsulated In a four- 
layer BGA package as shown in Figure 3, as contrasted 
with the same buffer packaged in the prior art two-layer 
configuration of Figure 1. In each simulation, a positive- 
going pulse (V iN ) was provided es input, and a relatively 
heavy 50 pF load was assumed. V otrr4 represents the 
voltage output of the four-layer configuration of Fig ire 
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3, end Vouu represents the voltage output of the two- 
layer prior art configuration of Figure 1. Because of the 
heavy capacftJve load, neither output voltage waveform 
exhibits ringing. However, the decreased series induct- 
ance associated with the four-layer embodiment Is ap- * 
parent by the approximately 2 ns decrease In delay as 
contrasted wtlh the delay In Vo^. At the top and bottom 
of Figure 4, V^, V dd2 , and V^ depict the upper 
and lower power supply signals aa seen at the IC. In 
each instance, supply voltages at the IC associated with to 
the four-layer embodiment are cleaner and exhibit less 
bounce than the corresponding two-layer embodiment 
signals. 

[0055] The improved voltage waveforms shown in 
Figure 4 result from diminished ground bounce In the * « 
four-layer package due to decreased effective series In- 
ductance. It will be appreciated that In a digital system 
comprising perhaps thousands of digital ICs that overall 
system reliability is enhanced by providing a four-layer 
BGA package according to the present Invention. A 20 
more predictable noise margin Is attained, and a more 
stable performance is realized, especially under in- 
creased ambient temperature, wherein the present in- 
vention advantageously permits the encapsulated IC to 
operate at lower junction temperature without heat sink- 25 
Ing. 



Claims 

30 

1. A ball grid array package (50) for an Integrated cir- 
cuit OCT) (12), comprising: 

upper layer package traces (8A-8O which are 
suitable to be coupled to a corresponding IC 35 
pad by means of bond wires (22, 24), 
lower layer package traces (1 OA-IOC) with re- 
gions that ere solderable to solder baOs (14) 
used to solder said package (50) to an under- 
lying system printed circuit board ("PCB") (18), <o 
the upper and lower layer traces (8A-6C; 10A- 
10O each including a Vss trace (6C, 10C), a 
Vdd trace (8A, 10A), and a signal trace (8B, 
10B); 

Isolating material disposed between the upper 
and lower layer package traces (8A-8C; 1 0A- 
IOC) and comprising two cores (56, 58) having 
a combined thickness to provide rigidity to the 
package (50); 

vtas (6A-6C) including a Vdd via (BA) coupling so 
the upper layer Vdd trace (8A) to a correspond- 
ing lower layer Vdd trace (10A) and a signal via 
(6B) coupling the upper layer signal trace (8B) 
to a corresponding lower layer signal trace 
(10B); a 
a Vss plane (60) disposed intermediate said up- 
per and said lower layer package traces (8A- 
8C; 1QA-10C) and making contact with a Vss 



via (6C) coupled to an upper and lower layer 
Vss trace (BC, 10C); 

characterized In that 

one of said cores (56, 58) together with the 
Vss plane (60) and the package traces (8A-8C; 
10A-10C) belonging to this core forming a symmet- 
rical PCS and the other core (58, 56) together with 
the package traces (8A-8C; 10A-10C) belonging 
to said other core forming an asymmetrical PCB; 

the vias (6A-6C) including the Vss via (6C) 
are unitary-construction vias extending through ver- 
tically aligned associated openings in the cores (56, 
58) and the Vss plane (60) and thus through the 
combined thickness of said cores (56, 58) from the 
upper layer package traces (8A-8C) through cores 
(56, 56) to the lower layer package traces (1 OA- 
IOC); and 

the lower layer package traces (10A-10C) 
coupled to corresponding ones of the upper layer 
package traces (8A-8C) through the vias (6A-6C) 
are In vertical alignment 

2. The package according to claim 1, characterized 

a third core (290) sandwiched between the 
Vss plane (200) of a first (272) of said two cores and 
a Vdd plane (260) of a second (282) of said two 
cores; 

the three cores (260, 272, 282) and the Vss 
and Vdd Planes (200, 260) each having at least 
three via openings defined therethrough; 

the Vdd via (6A) coupling the upper layer Vdd 
trace (8A) to the Vdd plane (260) and to the lower 
layer Vdd trace (10A) by passing through the via 
opening In the Vdd plane (260) while contacting the 
Vdd plane (260) and by passing through the via 
opening In the Vss plane (200) without contacting 
the Vss plane (200); 

the signal via (6B) coupling the upper layer 
signal trace (6B) to the lower layer signal trace 
( 1 0B) while passing through via openings In the Vss 
and Vdd planes (200, 260) without contacting the 
Vss or the Vdd planes (200, 260); and by 

the Vss via (6C) coupling the upper layer. Vss 
trace (8C) to the Vss plane (200) and to the lower 
layer Vss trace (10C) by passing through the via 
opening In the Vss plane (200) whfle contacting the 
Vss plane (200) and by passing through the via 
opening in the Vdd plane, (260) without contacting 
the Vdd plane (260). 

3. The package according to one of the claims 1 or 2, 
characterized In that raid upper layer package 
Vss trace (8C) Includes an IC die plane soldered to 
a substrate of said IC (12). 

4. The package according to claim 2, characterized 
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in that at least one of said firet cone (272) and said 
second core (282) comprises a symmetrica) PCB 
(170, 280). 

5. The package according to claim 3 or 4, character- 
ized in that said Vss plane (200) is disposed closer 
to said iC (12) than Is said Vdd plane (260). 

6. The package according to one of the claims 1 to 6, 
characterized In that raid Vss plane (60. 200) is 
vertically spaced-* part from said substrate of said 
IC (12) at a distance less than 0.03' (0.8 mm). 

7. The package according to one of the claims 1 to B, 
characterized In that at least one core (56, 58, 
272, 282, 290) includes a material selected from the 
group consisting of (a) FR4 epoxy glass, and (b) 
pre-preg. 

8. The package according to one of the claims 1 to 7, 
characterized by an overmokJ (16) encapsulating 
said IC (12). 

9. The package according to one of the claims 1 to 8, 
characterized in that the output impedance be- 
tween a signal output pad on said IC (12) and said 
Vsa plane (60, 200) is about 60 a 

10. The package according to one of the claims 1 to 9, 
characterized in that said I C (12) includes a digital 
circuit operating at a frequency of at least 30 MHz. 

11. The package according to claim 1, characterized 
In that the upper layer Vdd and Vss traces (8A, 8C) 
are an upper layer surface Vdd and Vss plane, re- 
spectively, and In that the lower layer Vdd and Vss 
traces ( 1 0A, 1 0C) are a lower layer surface Vdd and 
Vss plane, respectively. 

12. The package according to claim 11, characterized 
In that the output Impedance between a signal out- 
put pad on said I C (1 2) and said upper layer surface 
Vss plane and said lower layer surface Vss plane 
is about 50 Q. 

13. A method of reducing ground bounce and Increas- 
ing thermal dissipation In a ball grid array package 
(50) for an integrated circuit ("IC") (12), the package 
(50) comprising two cores (56, 68) sandwiched be- 
tween upper and lower layer package traces (8A- 
8C; 10A-10C 1 ) coupled together by vies (6A-6C 1 ), 
said IC (12) suitable to be coupled to chosen ones 
of said upper layer package traces (8A-6C) by 
means of bond wires, and chosen ones of said low- 
er layer package traces (1QA-10C) being soktore- 
ble to solder balls (14) adapted to be soldered to 
traces on an underlying system printed circuit board 
(18), the method comprising the following steps; 



(e) disposing a Vss plane (60) Intermediate said 
upper end lower layer package traces (8A-8C; 
1QA-10CO; 

(b) coupling said Vss plane (60) using at least 
5 one Vss via (6C) to a Vss trace included among 

said upper end lower package traces (8A-8C; 
10Ar10O; 

(c) coupling an upper layer Vqq trace (8A) to a 
corresponding lower layer V ro trace (10A) us- 

" Ing at least one V m via (6A); 

(d) coupling en upper layer signal trace (8B) to 
corresponding lower layer signal trace (10B) 
using at least one signal via (6B); 

characterized by 
" (e) using a symmetrical printed circuit board for 

forming one of said cores (56, 58) together with 
the Vss plane (80) and the package traces (8A- 
8ffi 10A-10CO belonging to this core; 

(f) using an asymmetrical printed circuit board 
20 for forming the other core (58, 56) together with 

the package traces (8A-8C; 10A-10C) belong- 
ing to said other core; 

(g) using as the vias (6A-6C) including the Vss 
via (6C) unitary-construction vias extending 

25 through vertically aligned associated open rigs 

In the cores (66, 68) and the Vss plane (60) and 
thus through the combined thickness of said 
cores (56, 68) from the upper layer package 
traces (8A-6C 1 ) through cores (56, 58) to the 

so lower layer package traces (10A-10C); and 

(h) aligning the lower layer package traces 
(10A-10A*) coupled to corresponding ones of 
the upper layer package traces (8A-8A') 
through the vias (6A-6C 1 ) In vertical direction. 

14. The method according to claim 13, characterized 

by 

disposing a V^ plane (260) intermediate said 
Vss plane (200) and said lower package traces 
40 (10A-10C);and 

coupling said V dd plane (260) using at least 
one Vpo via (6A) to a V^ trace (8A) among said 
upper and lower package traces (8A-8C 1 ; 1 0A- 
IOC 1 ), said Vgj plane (260) defining via openings 
4* through which other of said vias (6A-6C) not cou- 
pled to Vm pass without making electrical contact 

15. The method according to claim 13 or 14, charac- 
terized In that for at least one of said (I) upper layer 

50 package traces (8A-8C), a portion of sard cores (58, 
58, 272, 282), end said Vss plane (60, 200), and (D) 
said Vft, plane (260), a portion of said cores (56, 58, 
272, 282), and said lower layer package traces 
(10A-10C) double-sided printed symmetrical PCB 

so material is chosen. 

16. The method according to the claims 1 3 to 1 5, char- 
acterized In that a material comprised In said cores 
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(56, 58, 272, 282) is selected from the group con- 
sisting of (a) FR4 epoxy glass, and (b) pre-preg. 

17. The method according to one of the claims 13 to 18, 
characterized hi that at step (a) said Vss plane « 
(60) Is disposed vertically spaced apart from a sub- 
strate of said IC (12) at a distance less than 0.03" 
(0.8 mm). 

10 

Patentansprtidie 

1. Bail-Grid-Anray-Gehfluse (50) fOr efrie integrterte 
Schaftung (IC) (12), das umfaOt: 

13 

Gehfiusebahnen (8A-6C) einer oberen 
Schicht, die mit elnem entsprechenden IC-An- 
schluSfleck Ober Bonddrihte (22, 24) gekop- 
peit warden kdnnen, 

Gehiusebahnen (1QA-10C) einer unteren 20 
Schicht mit verfdtbaren Berefchen, urn Kugeln 
(14), die zum Vertdten dee Geniuses (50) ver- 
wendet warden, mit einer darunterfiegenden 
gedoickten Systenv-Lefterplatte (Sy- 
stem-"PCB") (18) zu veridten, to 
wobel die Bahnen der oberen und unteren 
Schichten (8A-8C; 10A-10C) Jewells elne Vss- 
Bahn (8C. 10C), eine Vdd-Bahn (8A. 10A) und 
elne Signaibahn (8B, 10B) emhalten; 
Isoliermatertei, das zwischert den Gehause- 33 
bahnen (8A-BC; 10A-10C) der oberen und un- 
teren Schichten angeordnet ist und zwel Kerne 
(56, 58) umfaGI, die eine kombinierte Dicke be- 
srtzen, urn fOr das Gehfiuse (50) eine Starrheit 
zu schaffen; 35 
Durchgangsldcher (6A-6C), die ein Vdd- 
Durchgangsloch (6A), das die Vdd-Bahn (8A) 
der oberen Schicht mit einer entsprechenden 
Vdd-Bahn (10A) der unteren Schicht koppeit. 
und ein Slgnafdurchgangsioch (6B), das die Si- *o 
gnalbahn (6B) der oberen Schicht mit einer ent- 
sprechenden Signaibahn (10B) der unteren 
Schicht koppeit, umfassen; 
eine Vss-Ebene (60), die zwischen den Gehiu- 
sebahnen (6A-8C; 1 0A-IOC) der oberen und ** 
unteren Schichten angeordnet ist und einen 
Kontakt mit elnem Vss-Durchgangsloch (6C) 
hersteltt, das mrt einer Vss-Behn (8C, 10C) der 
oberen und unteren Schichten gekoppelt ist; 

so 

dadurch gekennzelchnet, daQ 
einer der Keme (56, 58) zusammen mrt der 
Vsa-Ebene (60) und den Gehfiusebahnen (BA-8C*; 
10A-10C), die zu diesem Kern gehoren, eine sym- 
metrfsche PCB Widen und der andere Kern (58, 56) & 
zusammen mit den Gehfiusebahnen (8A-8C; 1 0A- 
IOC), die zu dem anderen Kem gehdren, eine 
asymmetrtsche PCB Widen; 



die Durchgangsldcher (6A-6C), die das Vss- 
Durchgangsloch (6C) enthaiten, Durchgangsldcher 
mit elnheltJicher Konstruktion slnd, die sich durch 
vertflcal ausgerichtete zugeordnete Oflhungen in 
den Kemen (56. 58) und der Vss-Ebene (60) und 
somft durch die komblnlerte Dicke der Keme (56, 
58} von den Gehfiusebahnen (8A-8C) der oberen 
Schicht dirch die Keme (56, 58) zu den Gehfiuse- 
bahnen (10A-10C) der unteren Schicht erstrecken; 
und 

die Ge h fiusebahnen (10A-10C) der unteren 
Schicht, die mit entsprechenden der Gehiusebah- 
nen (8A-8C) der oberen Schicht durch die Durch- 
gangsldcher (6A-6C) gekoppelt sind, vertikal aus- 
gerichtet sind. 

2. Gehause nach Ansptuch 1, gekennzelchnet 
durch 

einen dritten Kem (290), der zwischen der 
Vss-Ebene (200) elnes ersten (272) derzwei Kerne 
und einer Vdd-Ebene (260) elnes zweften (282) der 
zwel Kerne sandwtohartig angeordnet 1st; 

wobel die drel Kerne (260, 272, 282) und die 
Vss- und Vdd-Ebenen (200, 260) Jewells wenlg- 
stens drel Durchgangstochdffhungen besitzen, die 
durch sie hindurch definiert sind; 

wobel daa Vdd-Durchgangsioch (6A) cfle Vdd- 
Bahn (8A) der oberen Schicht mrt der Vdd-Ebene 
(260) und mit der Vdd-Bahn (10A) der unteren 
Schicht koppeit, indem es durch die Durchgangs- 
dffnung In der Vdd-Ebene (260) vertfiuft und dabel 
mrt der Vdd-Ebene (260) einen Kontakt hersteOt 
und Indem es durch die Durchgangsdffnung In der 
Vss-Ebene (200) vertfiuft, ohne mrt der Vss-Ebene 
(200) einen Kontakt herzustellen; 

wobel das SignaJdurchgangsloch (6B) die Si- 
gnaibahn (8B) der oberen Schicht mit der Signai- 
bahn (1 OB) der unteren Schicht koppeit und dabel 
durch Durchgangsdfmungen In den Vss- und Vdd- 
Ebenen (200, 260) vertfiuft, ohne einen Kontakt mit 
den Vss- Oder Vdd-Ebenen (200, 260) herzustellen; 
und 

wobel das Vse-Durdigangsloch (6C) die Vss- 
Bahn (8C) der oberen Schicht mit der Vss-Ebene 
(200) und mit der Vss-Bahn (10C) der unteren 
Schicht koppeit, Indem es durch die Durchgangs- 
dftnung In der Vss-Ebene (200) verifiuft und dabel 
einen Kontakt mit der Vss-Ebene (200) hersteitt und 
indem es durch die Durchgangsdffnung in der Vdd- 
Ebene (260) vertfiuft, ohne einen Kontakt mit der 
Vdd-Ebene (260) herzustellen. 

3. Gehfiuse nach elnem der AnsprOche 1 0der 2, da- 
durch g akin rueJch not, daft die Gehfiuse-Vss- 
Bahn (8C) der oberen Schicht elne IC-CNpebene 
enthfirt, die mrt elnem Substret des IC (12) veridtet 
Ist. 
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4. Gehfiusa nach Anspruch 2, dadurch gekenn- 
zelchnet, daft der erete Kern (272) und/oder der 
zweite Kem (262) eine symmetrische PC8 (170, 
280)enthfilt 

5 

5. Gehfiuse nach Anspnich 3 oder 4, dadurch ge- 
kenraeichnet, daE die Vss-Ebene (200) naher be! 
der IC (12) ale die Vdd-Ebene (260) angeordnet 1st 

6- Gehfiuse nach einem der AnsprOche 1 bis 5, da- w 
durch gekenrtxeichnet, daft die Vss-Ebene (60, 
200) von dem Substrai der IC (12) urn efne Stroke 
vertJkal beabstandet 1st, die Weiner als 0,03" (0,8 
mm) 1st. 

15 

7. Gehfiuse nach einem der AnsprOche 1 bis 6, da- 
durch gekennzaichnat, daft wenlgstens ein Kem 
(56, 58, 272, 282, 290) einen WerfcstofT errthfilt, der 
aus der Gruppe gewfihrt 1st, die aus (a) FR4-Epo- 
xidglas und (b) Pre-Preg besteht 20 

8. Gehfiuse nach einem der AnsprOche 1 bis 7, ge- 
kennzalchnet durch einen Uberguft (16), der die 
IC (12) elnkapaelt 

25 

9. Gehfiuse nach einem der AnsprOche 1 bis 8, da- 
durch gaksnnzelchnet, daft die Ausgangslmpe- 
danz zwischen einem Signaiausgang- 
AnschluOfleck auf der IC (12) und der Vss-Ebene 
(60, 200) etwa 50 Q betrfigt 30 

10. Gehfiuse nach einem der AnsprOche 1 bis 9, da- 
durch gekennzeichnet, daft die IC (12) eine digi- 
tate SchaHung enthfirt, die mtt elner Frequenz von 
wenlgstens 30 MHz arbeitet 35 

11. Gehfiuse nach Anspruch 1, dadurch gekenrv 
zeidhnet daft die Vddund Vss-Bahnen (8A, 8C) 
der oberen Schicht eine Oberflfichen-Vdd-Ebene 
bzw. eine Oberflachen-Vss-Ebene der oberen *o 
Schicht slnd und daft die Vdd- und Vss-Bahnen 
(1QA, 10C) der unteren Schicht eine Oberflfichen- 
Vdd-Eberte bzw. eine Oberflfichen-Vss-Ebene der 
unteren Schicht slnd. 

45 

12. Gehfiuse nach Anspruch 11, dadurch gekann- 
zeichnet, daQ die Ausgangslmpedanz zwischen ei- 
nem Signaiausgang-Anschlu&rleck auf der IC (12) 
und der Oberflfichen-Vss-Ebene der oberen 
Schicht und der Oberflfichen-Vss-Ebene der unte- 60 
ran Schicht etwa 50 Q betrfigt. 

13. Verfahren zum Veningem des Ground-Bounce und 
zum Erhdhen der WfirmeabfQhrung in einem Bafl- 
Grfd-Array-Gehfiuse (60) fDr eine integrierte Schal- & 
tung ("IC") (12), wobel das Gehfiuse (50) zwel Ker- 
ne (56, 58) umfeftt, die zwischen Gehfiusebahnen 
(8A-8C; 10A-10CO oberer und unterer Schlchten, 



die durch Durchgangsldcher (6A-6C) gekoppelt 
slnd, sendwichartlg angeordnet slnd, 
wobel die IC (12) mtt ausgewfihiten der Gehfiuse- 
bahnen (8A-BC) der oberen Schicht mtttefs Bond- 
drfihten und mri ausgewfihiten der Gehfiusebahnen 
(1QA-1CC) der unteren Schicht, die mtt Ldtkugein 
(14) veridtet werden konnen, die mit Bahnen auf ei- 
ner darunterilegenden gedrockten System-Lelter- 
platte (18) vertdtBt werden kdnnen, gekoppelt wer- 
den kann, wobei das Verfahren die fblgenden 
Schritte umfeftfc 

(a) Anordnen elner Vss-Ebene (60) zwischen 
den Gehfiusebahnen (8A-8C 1 ; 10A-10C 1 ) der 
oberen und unteren Schlchten; 

(b) Koppein der Vss-Ebene (60) unter Verwen- 
dung wenlgstens efnes Vss-Durchgangslochs 
(6C) mit elner Vsa-Bahn, die in den oberen und 
unteren Gehfiusebahnen (8A-8C'; 10A-1CC) 
enthaiten 1st; 

(c) Koppein elner Vdd-Bahn (8A) der oberen 
Schicht mit elner entsprechenden Vdd-Bahn 
(10A) der unteren Schicht unter Verwendung 
wenlgstens efnes Vdd-Durchgangaiocha (6A); 

(d) Koppein elner Signalbahn (8B) der oberen 
Schicht mit elner entsprechenden Signalbahn 
(10B) der unteren Schicht unter Verwendung 
wenlgstens eines SlgnaJdurchgangstochs (6B); 

gekermzelctinet durch 

(e) Verwenden elner symmetrischen ged ruck- 
ten Leiterplatte fQr (fie Bildung eines der Kerne 
(56, 58)zusammen mit der Vss-Ebene (60) und 
den Gehfiusebahnen (8A-8C; 1QA-10C), die 
zu dlesem Kem geh6ren; 

(f) Verwenden einer asymmetrischen ged ruck- 
ten Leiterplatte, urn den anderen Kem (56, 66) 
zusammen mit den Gehfiusebahnen (8A-8C; 
1QA-1QC), cfle zu dem anderen Kem gehoren, 
zu bflden; 

(g) Verwenden von Durchgangslochem mit ein- 
heitlicher Konstruktion fQr die Durchgangs!&- 
cher (6A-6C) elnschlieftiich des Vss-Ourch- 
gangsiochs (6C), die slch durch vertikal eus- 
gerichtete zugeordnete dffhungen in den Ker- 
nen (66, 68) und In der Vss-Ebene (60) und so- 
mft durch die komblnierte Dteke der Kerne (56, 
58) von den Gehfiusebahnen (8A-8C 1 ) der obe- 
ren Schicht durch Kerne (56, 56) zu den Ge- 
hfiusebahnen (10A-10C) der unteren Schicht 
eretrecken; und 

(h) Ausrlchten der Gehfiusebahnen (10A-10A') 
der unteren Schicht, die mtt entsprechenden 
der Gehfiusebahnen (8A-8A') der oberen 
Schicht durch die Durchgangsldcher (6A-6C) 
gekoppelt sind, auf die vert kale Richtung. 

Verfahren nach Anspruch 13, gekennzaichnat 
durch 
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Ancrdnen elner Vdd-Ebene (260) zwischen 
der Vss-Ebene (200) und den unteren Gehause- 
bahnen (10Ar10C); und 

Koppeln der Vdd-Ebene (280) unter Verwen- 
dung wenlgstens elnes Vdd-Durchgangslochs (6A) 
mft einer Vdd-Bahn (8A) der oberen und unteren 
Gehausebahnen (8A-4C*; 1 0A-IOC), wobel die 
Vdd-Ebene (260) Durchgangsftffhungen deflntert, 
dun* die and ere der Durcbgangsldcher (6A-6C), 
die nicht mlt Vdd gekoppelt slnd, verieufen, ohne 
einen elektrtschen Kcntakt herzustellen. 

15. Verfahren nach Anspruch 13 Oder 14, dadunch ge- 
kennzAichnat, dafl fQr die (I) Gehausebahnen (8A- 
8CT) der oberen Schicht, einen Tell der Kerne (56, 
56, 272, 282) und die Vss-Ebene (60, 200) und/oder 
(il) fQr die Vdd-Ebene (260), einen Tell der Kerne 
(56, 58, 272, 282) und die Gehausebahnen (10A- 
10C) der untenen Schicht eln doppelsertig bedruck- 
tes symmetrisches PCB-MateriaJ gewahlt wlrd. 

16. Verfahren nach den AnspnQchen 13 bis 15, da- 
durch gekennzelchnat, daft eln in den Kemen (56, 
58, 272, 282) enthaitener Wericstoff aus der Gruppe 
gewahlt ist, die aus (a) FR4-Epox!dg!as und (b) Pre- 
Preg besleht 

17. Verfahren nach alnem der Ansprtfche 13 bis 16, da- 
dutch gekennzeichnet, daft im Schritt (a) die Vss- 
Ebene (60) so angeordnet wfrd, daB sie von einem 
Substrat der IC (12) vertical urn eine Strecke beab- 
standet ist, die Melner als 0,03" (0,08 mm) ist. 



RevemUcationa 

1. Bottler de conditionnement a reseau da billes (50) 
pour un circuit integr* ("ICT) (12), comprenant 

des pistes de boftier de couche superieure (8A 
a 8C) qui sont agencies de maniere a etre ccu- 
plees a un plot de cfccuit IC correspondent au 
moyen de fils de liaison (22, 24), 
des pistes de bottler de couche Inferieure (1QA 
a 10C) avec des zones qui peuvent dtre sou- 
dees sur des billes de soudure (14) utillsees 
pour souder ledit boTtier (50) sur une plaque de 
circuit Imprfme fPCB") de dispositif sous- 
jacente (18), 

les pistes de couches superieure et inferieure 
(8A a 8C ; 10A a 10C) comprenant chacune 
une piste V n (8C, 1 0C), we piste V* (8A, 1 0A) 
et une piste de signal (8B, 10B) ; 
un materiau tool ant dtepos* entre les pistes de 
bottler de couches superieure et inferieure (8A 
a8C\ 10Ad10C)et comprenant deux noyaux 
(56, 58) p resentant une epaisseur cumutte de 
maniere a assurer une certalne rigkfitd au boT- 



tier (50); 

des voles de passage (6A a 6C) comprenant 
une vole de passage V M (6A) oouptant la piste 
V M de couche superieure (8A) a une piste V^ 
5 de couche inferieure correspondanta (10A) et 

une voiede passage de signal (6B)couplantta 
piste de signal de couche superieure (8B) a une 
piste de signal de couche Inferieure comespon- 
dante (10B); 

10 un plan V M (60) depose de maniere Interme- 

dial re par rapport a I edit e piste de boftier de 
couche superieure eta KadHa piste de bortierde 
couche Inferieure (8A, a 8C* ; 1QA, a 10C) et 
assurant un contact avec une vole de passage 

15 V tt (6C) oouplee a une piste V n de couche su- 

perieure et de couche Inferieure (8C, 10C) ; 

caracterlsd an ca qua: 

20 I'un desdits noyaux (56, 58), ensemble avec te 

plan V n (60) et les pistes de boltler (8A a 8C; 
10A a 10C) appartenant a ce noyau, fbrmant 
une plaque PCB symetrique et rautre noyau 
(58, 56), ensemble avec les pistes de bottler 
" (8A a 8CM0A a 10C) appartenant a cat autre 

noyau, formant une plaque PCB asymetrique ; 
les voles de passage (6A a 6C) comprenant la 
vole de passage V tt (6C) sont des voles de 
passage de oonstiuction unftaire s'etendant a 
30 travers des ouvertunes associees aiignees ver- 

tical ement dans les noyaux (56, 58) et te plan 
V M (60) et, aJnsI , a travere Pepateseur cumulee 
desdits noyaux (56, 58) a partir des pistes de 
bottler de couche superieure (8A a 8C) a tra- 
ss vers les noyaux (56, 58) vers les pistes de bot- 
tler de couche inferieure (1QA a 10C) ; et 
les pistes de boftier de couche Inferieure (1QA 
a 10C 1 ) couplees a des pistes correspondantes 
des pistes de bottler de couche superieure (8A 
40 a 8C*) a travers les votes de passage (6A a 6C) 
sont algnees verticalement 

2. Bottler de conditlonnement selon la revendicatlon 
1 t carvcteris* pan 

49 

un troteieme noyau (290) IntercaJe entre te plan 
V tt (200) (fun premier (272) desdits deux 
noyaux et un plan V^ (260) (fun second (282) 
desdits deux noyaux ; 
*> les trots noyaux (260, 272, 282) et les plans V n 

et Vjd (200, 260) comportant chacun au molns 
trois ouvertures de vole de passage les 
traversant : 

69 la vote de passage V^ (6A) ecu plant la pis- 

te V^ de couche superieure (8A) au plan 
V* (260) eta la piste V^de couche infe- 
rieure (10A) en passant a travers I'ouver- 
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lure de vole de passage dans le plan 
(260) tout essurant le contact avec la plan 
V<m (260) et en passant d travars I'ouver- 
ture de vole da passage dans le plan V M 
(200) sans van Iran contact avec le plan V t8 « 
(200); 

la vole de passage de signal (6B) cou plant 
la piste de signal de concha sup&leure 
(8B) k la piste de signal de couche inferteu- 
re (10B) tout en passant k travers des 10 
cuvertures de vole de passage dans las 
plans V„ et (200, 260) sans vanlr an 
contact avec tes plans V M ou V w (200, 
260) ; et par 

la vole de passage V n (6C) cou plant la pis- " 
te V n de couche supexieure (8C) au plan 
V w (200) et k la piste V TO de couche Infe- 
rieure (1 OC) en passant k travere I'ouver- 
ture de vole de passage dans le plan V M 
(200) tout en essurant le contact avec le 20 
plan V M (200) et en passant a travars 
I'ouverture de vole de passage dans le plan 
(260) sans venir en contact avec le 
plan V* (260). 

25 

3. Bottler de conditfonnement selon la revendication 1 
ou 2, caract6rfs6 en ca que ladite piste V n de bot- 
tler de couche supeneure (8C) comprend un plan 
de pastille de circuit IC soud6 sur un substrat dudit 
circuit IC (12). 30 

4. Bottler de condltionnement selon la revendication 
2, caract£ris6 en ce qu'au moins Tun desdits pre- 
mier noyau (272) et second noyau (282) comprend 
una plaque PCB symetrique (1 70, 280). Sff 

5. Bottler de condltionnement selon la revendication 3 
ou 4, caracteri*6 en ce que ledit plan (200) est 
dispose plus pres dudit circuit IC (12) que ledit plan 
V*, (260). 40 

6. BoHier de conditionnament selon Puna des reven- 
dications 1 a 5, carvctfris* en ce que ledit plan 
V M (60, 200) est espacS vertlcaiement par rapport 
audit substrat dudt circuit IC (12) k una distance 40 
inferieure k 0,8 mm (0,03"). 

7. Bottler de condltionnement selon Tune des reven- 
dl cations 1 k 6, caractfirU6 en ce qu'au motna un 
noyau (56, 58, 272, 282, 290) comprend un mate- so 
riau selection^ a partir du a roups constftud par (a) 

du verre 6 poxy FR4 et (b) un pn§Impregrt6. 

8. Bottler de concfitionnement selon rune des reven- 
dlcationsi &7,earactinttparunsurmoulage(16) sa 
enrobant ledit circuit IC (12). 

9. BoftJer de condKonnement selon rune des reven- 



dications 1 k 8, carectfritf en ce que rimpddance 
de sortie entre un plot de sortie de signal sur ledit 
circuit IC (12) et ledit plan V w (60, 200) est de 50 
Q environ. 

1 0. BoTtier de condltionnement selon rune des reven- 
di cations 16 9, caract6rise en ce que ledit circuit 
IC (1 2) comprend un circuit numSrtque foncttonnant 
k una frequence cfau moins 30 MHz. 

11. Bottler de condltionnement selon la revendication 

I , caracttrfs* en ce que lee pistes Vdd et V w de 
couche sup6rfeure (8A, 8C) sent respectJvement un 
plan et V tt de surface de couche superleure et, 
en ce que les pistes et V M de couche Inf&rfeure 
( 10A, 10C) sent respedlvement un plan et V TO 
de surface de couche inferieure. 

12. BoTtier de condltionnement selon la revendication 

II, caracterise en ce que nmp6dance de sortie 
entre un plot de sortie de signal sur ledit circuit IC 
(12) et ledit plan V w de surface de couche sup6- 
rieure et ledit plan de surface de couche Infe- 
rieure est de 50 Q environ. 

13. Proc6d£de reduction durebond de masse et aug- 
mentation de la dissipation thermique dans un bot- 
tler de condltionnement k reseau de bines (60) pour 
un circuit integrS ("IC) (12), le boltier de condition- 
nement (50) comprenant deux noyaux (56, 58) in- 
tercaJes entre des pistes de bottler de couches su- 
perieure et Inferieure (8A a 6C ; 1QA k 10C) cou- 
pJ6es entre-elles par des voies de passage (6A 6 
6C 1 ), ledit circuit IC (12) etant adaptd de maniere k 
^re couple k des pistes sfclectiartnees desdltes pis- 
tes de bottler de couche sup6rteure (8A k 8ff) au 
moyen de fils de Baison, et des pistes selection nees 
desdites pistes de boltier de couche inferieure (10A 
k 10C) pouvant §tre soudees sur des billes de sou- 
dure (14) agencies de maniere k dtre soudees sur 
les pistes d'une plaque de circuit ImprimS de dtspo- 
sHif sous-Jaoente (18), le proc&J6 comprenant les 
etapes suivsrrtes: 

(a) (fagencement d*un plan V n (60) de maniere 
IntermfidJaire par rapport auxdites pistes de 
boltier de couches superieure et Inferieure (6A 
d8C;10A$10C); 

(b) de courage dudit plan V w (60), en utilisant 
au moina una vole de passage V g8 (6C), k une 
piste V n contenue dans lesdites pistes de bot- 
tler de condition nement sup6neure et Inferieure 
(8Ad8C; 10A&10C); 

(c) de couplage d'une piste V w de couche su- 
perieure (8A) k une piste de couche Infe- 
rieure (10A) correspondents en utilisant au 
moins une vole de passage Vdd (6A) ; 

(d) de couplage d*une piste de signal de couche 
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superteure (88) dune piste de signal de couche 
Inferleure conespondante (1 OB) en utIIIsant eu 
molns une vole de passage de signal (68) ; 
csrictirisi par 

(e) rutillsatlon d*une plaque de circuit Imprime 
symetrique efin de former un premier desdits 
noyaux (56, 58) ensemble avec le plan V w (60) 
et lea plates de botter (8A & 8C* ; 10A a 10CO 
appartenant a ce noyau ; 

(f) ("utilisation dXine plaque de circuit Imprime 
asymetrique afin de former Tautre noyau (58, 
56) ensemble avec lee pistes de bottier (8A a 
8C; 1QA a 10C) appartenant audit autre 
noyau; 

(g) Putillsation, pour les voles de passage (6C 9 
6C) comprenant la vole de passage V w (6C), 
de vol 68 de passage de construction unitaire 
s'etendant a travers des ouvertures aasodees 
aJignees vertical ment dans les noyaux (56, 
58) et le plan V M (60) et ainsi, a travers PepaJs- 
seur cumulee desdits noyaux (56, 58) a partir 
des pistes de bottier de couche superteure (6A 
a 8CT) a travers les noyaux (66, 68) vers les pis- 
tes deboltierde couche lnfisrieure(10Ad 10C); 
et 

(h) rallgnement des pistes de bottler de couche 
inferteure(10Aa 1 0A*) couplees aux pistes cor- 
respondantes des pistes de bottier de couche 
superteure (8A, 8A1 a travers les voles de pas- 
sage (6A, 6C 1 ) dans la direction verticals. 

14. Procede seion la revendication 13, caracttrise 
par 



16. Procede selon les ravendlcations 13 a 15, caracte- 
ris6 en ce que le materiau constituent lesdHs 
noyaux (56, 58, 272, 282) est setectionne a partir 
du groups comprenant (a) un verre epoxy FR4, et 

8 (b) un preJmpregne. 

17. Precede seion rune des revendications 13 a 16 t ca- 
ractertse en ce qtfa Tetape (a), ledrt plan V„ (60) 
est dispose vertical ement a distance (fun substrat 

10 dudit circuit Integra IC (12) cTune valeur Inferteure 
a 0,8 mm (0.03°). 
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I'agencement (Tun plan (260) de maniere 35 
intermedial re par rapport audit plan V n (200) 
et auxdites pistes de bottier inferieures (10A a 
10C);et 

le couplage dudit plan (V^ (260), en utilisant 
au moins une vole de passage (6A), a une <o 
piste V*, (8A) desdites pistes de bottler supe- 
rieures et inferieures (8A a 8C ; 10A a 10O. 
ledit plan (260) dafinissant des ouvertures 
de vole de passage a travers iesqueJIes 
d'autres desdites voles de passage (6A, 6C 1 ) 
non couplees a passant sans assurer de 
contact eiectrique. 

15. Procede seion la revendication 13 ou 14, caracte- 
ris6 en ce que pour au molns Tune (i) desdites pis- so 
tes de bottler de couche su parte ure (8A a 8C), une 
partie desdits noyaux (56, 58, 272, 282) et dudit 
plan V„ (60, 200), et (IQ ledit plan V*, (260), une 
partie desdits noyaux (56, 58, 272, 262), et lesdites 
pistes de bottier de couche Inferteure (1 OA a 10C), «s 
on choisit un matertau de plaque PCB symetrique 
Imprime en double face. 
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